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Experimental investigations of current shot noise in quantum point contacts show a reduction of
the noise near the 0.7 anomaly. It is demonstrated that such a reduction naturally arises in a model
proposed recently to explain the characteristics of the 0.7 anomaly in quantum point contacts in
terms of a quasi-bound state, due to the emergence of two conducting channels. We calculate the
shot noise as a function of temperature, applied voltage and magnetic field, and demonstrate an
excellent agreement with experiments. It is predicted that with decreasing temperature, voltage
and magnetic field, the dip in the shot noise is suppressed due to the Kondo effect.
PACS numbers:
The conductance of quantum point contacts (QPCs)
is quantized in units of 2e2/h [1, 2]. In addition to
these integer conductance steps, an extra conductance
plateau around 0.7(2e2/h) has been experimentally ob-
served [3, 4, 5, 6, 7]. Recently a generalized single-
impurity Anderson model has been invoked to describe
transport through QPCs [8]. According to this model,
motivated by density-functional calculations that reveal
the formation of a qusi-bound state at the QPC [9], the
tunneling of a second electron through that state is sup-
pressed by Coulomb interactions, and is enhanced at low
temperatures by the Kondo effect [10]. Thus at tem-
peratures larger than the Kondo temperature TK , the
conductance will be dominated by transport through the
singly occupied level (G ≥ e2/h), growing at lower tem-
perature towards the unitarity limit, G = 2e2/h. Kondo
physics has indeed been observed at low temperature and
voltage bias [7]. The fact that there are effectively two
conductance channels affects not only the conductance
but also the current shot noise. Around conductance of
G ∼ e2/h, the model predicts one highly transmitting
channel (T1 ≃ 1) and one poorly transmitting channel
(T2 ≃ 0). Thus, as the noise is expected to be pro-
portional to the sum of Ti(1 − Ti) over all channels, it
should exhibit a dip near that value of the conductance
[11], in contrast with the traditional view which asso-
ciate a conductance of G ∼ e2/h with T1 ≃ T2 ≃ 1/2 and
maximal noise. A reduction in the noise through a QPC
near G ∼ e2/h has indeed been observed experimentally
[13, 14, 15]. The dip was observed to be quite sensitive
to magnetic fields. In this letter we present a detailed
calculation of the noise based on the above model and
demonstrate that it reproduces the experimental data.
The magnetic field dependence arises from two factors:
the dependence of the splitting of the two channels on
the field, and the quenching of the Kondo effect. Specific
predictions on the disappearance of the dip in the cur-
rent noise at low temperature, voltage bias and magnetic
field, due to the unitarity limit of the Anderson model
are made.
The main theoretical difficulty with calculating the
noise is that the limit of perfect conductance through a
given channel is not accessible via traditional perturba-
tion theory for this interacting problem. Thus an earlier
calculation of the noise through a Kondo impurity [16]
had to rely on more elaborate methods in order to be ex-
tended to lower temperatures. Because of the additional
complexity of the generalized Anderson model, employed
to describe QPCs (see below), these methods are not di-
rectly applicable. In this work we employ a new type
of perturbation theory, starting from the high magnetic
field B limit. In this limit spin-flip processes are sup-
pressed, and the current and noise can be exactly (and
trivially) calculated, to all orders in the tunneling, giv-
ing rise to two separate channels. Perturbation in 1/B
allows us to follow the contributions and mixing of the
two channels. By comparing to the traditional pertur-
bation theory, around zero B, we are able to interpolate
the noise between the two regimes (see Eq. 8 below).
This formula, which reduces in the known limits to the
obtained perturbative results, allows us to compare to
experiment in the whole magnetic field regime, yielding
excellent agreement with experiment (Fig. 1) and allow-
ing specific predictions.
Model Hamiltonian: The extended Anderson Hamil-
tonian, invoked in [8] to model the QPC differs from
the usual single-impurity Anderson model in two aspects:
(1) the tunneling amplitude of the first electron into the
quasi-bound state V (1) is larger than that of the second
electron V (2) (see also [17]), and (2) both couplings in-
crease exponentially as the energy of the incoming elec-
tron rises above the QPC barrier, Eqpc, defined to be the
zero of energy. This Anderson model can be transformed
into a Kondo Hamiltonian by performing a Schrieffer-
Wolff transformation [18]
H =
∑
kσ∈L,R
εkσc
†
kσckσ +
∑
k,k′σ∈L,R
(J
(1)
kσ;k′σ − J
(2)
kσ;k′σ)c
†
kσck′σ
2+ 2
∑
k,k′σσ′∈L,R
(J
(1)
kσ;k′σ′ + J
(2)
kσ;k′σ′)c
†
kσ~σσσ′ck′σ′ · ~S
J
(i)
kσ;k′σ′ =
(−1)(i+1)
4
[
V
(i)
kσ V
(i)
k′σ′
εkσ − ε(i)σ
+
V
(i)
kσ V
(i)
k′σ′
εk′σ′ − ε(i)σ′
] (1)
where c†kσ(ckσ) creates (destroys) an electron with mo-
mentum k and spin σ in lead L or R, ε
(1)
σ = εσ and
ε
(2)
σ = εσ + U , where εσ is the energy of local spin state
σ and U is the on-site interaction. ~S is the local spin due
to the bound state. The potential scattering term (first
line), usually ignored in Kondo problems, is crucial here,
as it gives rise to the large background conductance at
high temperature. The magnetic field B, defining the z-
direction, enters the problem via the Zeeman term, SzB.
The exponential increase of the couplings is modelled, for
simplicity, by a Fermi function fFD(ε) = 1/(1 + exp(ε)),
leading to a chemical-potential dependence of the spin-
scattering matrix elements,
J
(i)
εkεk−B↑↓ =
(−1)(i+1)V (i)2
4
[
fFD(
−εk
δ
)
εk − ε(i)↑
+
fFD(
B−εk
δ
)
εk −B − ε(i)↓
].
(2)
(In the above and in the following B and T denote
the corresponding energies, gµBB and kBT , respectively,
where kB is the Boltzman cosntant, µB is the Bohr mag-
neton, and with the appropriate g-factor.) For B << ǫF
we can ignore the magnetic field dependence of these ma-
trix elements.
Current noise: The current noise is defined via the
current-current correlation function [19]
Sˆ(t, t′) =
1
2
(< I(t)I(t′) > + < I(t′)I(t) >) (3)
Under stationary conditions the noise is a function of
t − t′ and here we consider only the steady state, zero
frequency component of the noise power S(ω = 0). The
calculation of the noise, detailed below, consists of the
following steps: (a) An exact solution for very large B,
where spin-flip processes are suppressed, for the conduc-
tance G∞ and noise S∞ (Eq. 4). (b) Expansion to sec-
ond order in the spin-flip processes, for arbitrary value
of the coupling J (1) and small value of J (2), yielding SB
(Eq. 6) (and GB , via the fluctuation-dissipation theo-
rem). (c) Since the Kondo terms appear at higher order
in perturbation theory, we add the third order terms in
J (2), G3 and S3. (d) We calculate the noise, at small
B, using the traditional expansion in J (i) [20]. (e) We
derive a simple and intuitive interpolation formulae, for
both the conductance and the noise, that reduce to the
obtained expansions in the two limits of small and large
magnetic field. The resulting noise S and Fano factor
S/I are depicted in Fig. 1 and compared to experiments.
Detailed calculation: The calculation is carried out
using the non-equilibrium Keldysh Green function ap-
proach [21]. In this approach there are three independent
Green functions which can be expressed in the terms of
the retarded, advanced and the ”Keldysh” Green func-
tion, GK(ω). For the two leads, the unperturbed Keldysh
Green functions are gKk∈L,R,σ(ω) = −2πi (1− 2fL,R(ω)),
where fL,R(ω) = fFD(ω ± eV/2) are the respective dis-
tribution functions in the leads, which depend on the
voltage difference V . It is more convenient to work in
the symmetric and anti-symmetric combinations of the
two leads gK± = g
K
L ± gKR .
When the magnetic field is large the exchange part
of the Kondo Hamiltonian can be neglected. Therefore
Sz can be treated as a conserved ”classical” parameter.
In this case, averaging over Sz, one can calculate the
conductance and noise exactly,
G∞ =
e2
h
(T1 + T2) (4)
S∞ =
e2
h
∑
i
[eV coth(
eV
2T
)Ti(1− Ti) + 2TT 2i ]
Where T1,2, the transmission probabilities for the two
channels, are expressed in terms of the coupling constants
of Kondo Hamiltonian gi = 4πνJ
(i),
Ti =
g2i
1 + g2i
(5)
In the large coupling limit the transmission probabili-
ties go to unity. Since, as function of energy, g1 first
increases to a large value, while g2 becomes large only
when εF = ε0 + U , then, for large magnetic fields, as
a function of gate voltage, the conductance, in units of
2e2/h, will first rise to 12 and then to unity. Concur-
rently, the shot noise, the first part of S∞, will have a
dip at the first conductance plateau, in agreement with
experiments (Fig. 1).
As the magnetic field decreases, the exchange terms
in the Hamiltonian have to be taken into account, influ-
encing and mixing the contributions of J (1) and J (2) to
the conductance and the noise. As the magnetic field
is still large, we can expand the conductance and noise
to second order in the spin-flip processes, still allowing
infinite order in J (1) in the non spin-flip processes. The
resulting non-equilibrium noise is a function of applied
voltage and also depends on the non-equilibrium mag-
netization [22] M(B, T, V ). The latter is reduced to its
equilibrium value Meq =< Sz >= (−1/2) tanh(B/2T ) if
B > V . The resulting additional contributions to the
noise SB and the linear response conductance GB (ob-
tained from the noise via the fluctuation-dissipation the-
orem, G = S(V → 0)/(2T )) in this limit are
SB =
e2
2h
(g1 + g2)
2[
m1 +m2
2
(A+ + 4BM)
− m1m2(1 + g1g2)A−]
GB =
B
2T sinh B
T
(m1 +m2)(g1 + g2)
2 (6)
3where
A± = B coth(B/2T )±
1
2
[B+ coth(B+/2T )
+B− coth(B−/2T )] . (7)
Here m1,2 = 1/(1 + g
2
1,2) and B± = B ± eV . In equa-
tion (6) g2 was considered small. The nonequilibrium
magnetization is given by [22] M = −B/A+. In the
limit of small g1,2, equation (6) reduces to the zero fre-
quency current-current correlation function obtained in
[22]. Note that the corrections to the infinite field limit,
due to spin flips, depend on coth(B/2T ), and thus de-
crease exponentially with increasing the ratio B/T .
We note that the conductance, to this order, can be
written as the expansion of an expression similar to that
of Eq.(4), with g2i in Eq.(5) replaced by g˜
2
i , with
g˜2i ≡ g2i +
B
T sinh B
T
(g1 + g2)
2
1 + (g1 + g2)2
. (8)
Note that even though g22 is small, g˜
2
i can become sub-
stantial at smaller magnetic field due to higher order pro-
cesses involving g21 . Thus the second channel will also
contribute to transport, raising the conductance plateau
from its value of 0.5 × 2e2/h at large magnetic field.
This is consistent with the observation that the value
of ”0.7” plateau usually does not drop experimentally
below 0.6× 2e2/h.
The second order spin-flip processes do not give rise to
Kondo physics. For this one has to go to third order in
the J ’s. As argued in [8], the Kondo effect will be domi-
nated by the J (2) term. Due to the step-like increase of
the couplings, the bottom of the band, Eqpc, is effectively
very close to the Fermi energy, and thus only virtual pro-
cesses that involve the empty states will renormalize the
couplings. This will be manifested in the logarithmically
divergent terms, arising from the third order processes.
The J (1) terms will involve integrals over the small re-
gion between Eqpc and εF . The J
(2) terms, on the other
hand, will involve integrals from εF to the upper band
edge D (or to U), and these give rise to the Kondo effect.
These logarithmic contributions only appear in the
Kondo regime ε0 + U > εF > ε0. A lengthy calcula-
tion yields the Kondo contribution to the noise SK and
conductance GK ,
SK =
e2
h
g32
π
{
coth(
B+
2T
)
[
F (B) + F (B+) + F (eV )
]
+ coth(
B−
2T
)
[
F (B) + F (B−)− F (eV )
]
+ coth(
eV
2T
)
[
F (B+)− F (B−)
]
+ 2M
[
2F (B) + F (B+) + F (B−
]}
(9)
GK = 2
g32
π
(1 +
2B
T sinh B
T
) ln
D√
B2 + T 2
(10)
where F (x) = x ln(D/
√
x2 + T 2). For B > eV we can
apply the expression for the equilibrium magnetization
Meq.
At low temperature (and zero magnetic field) the log-
arithm contributions to the noise and conducatnce will
diverge, signalling the onset of the Kondo effect below
the Kondo temperature TK ≃ U exp(−π/g2). Using
the renormalization-group approach, one can sum up the
most divergent logarithms in the higher order Kondo con-
tributions (Eq.10). Separating the contribution to this
Kondo series from the leading terms and summing up
the series leads to the final expression for the total con-
ductance,
Gtot =
e2
h
(Tˆ1 + Tˆ2) (11)
Tˆi =
gˆ2i
1 + gˆ2i
,
with
gˆ21 ≡ g˜21
gˆ22 ≡ g˜22 + g22(
1
2
− B
T sinh B
T
) +GRG2 , (12)
and
GRG2 =
1
(ln
√
B2+T 2
TK
)2
π2
8
(1 +
2B
T sinh B
T
) (13)
with the Kondo temperature TK ≃ U exp(−π/g2). The
Kondo contribution enhances the contribution of the sec-
ond channel, and gives rise to the merging of the ”0.7”
feature with the first 2e2/h conductance step. As pointed
out in [8], the resulting TK increases exponentially with
εF , in agreement with the experimental observation that
TK increases exponentially with the gate voltage [7]. A
similar expression can be obtained for the total noise,
but in the following we will use the noise epression
similar to that appearing in Eq.(4), with gˆ2i given by
Eq.(12). We also note that if one replaces
√
B2 + T 2
by
√
B2 + T 2 + V 2 in Eq.(13), the formula (11) for the
conductance not only agrees with the expansion around
large magnetic fields, but also with the expansion (in
Ji) at small fields [20]. Thus this interpolation formula
should be reliable at the whole range of magnetic fields.
Comparison with experiment and conclusions. Fig. 1
compares our calculation to the experimental results of
Ref.[14] and of Ref.[15]. In (a) and (b) we compare the
Fano factor, which is obtained, following Ref.[14], by sub-
tracting from the full noise the thermal contribution (the
last term in (4) plus 2T [G− (e2/h)(T1+ Tˆ2)]), and divid-
ing this difference by the current. Plotting the Fano fac-
tor against conductance, makes the theoretical plot prac-
tically independent of the values of ε0, U and δ, which
determine the dependence of the conductance on gate
4voltage. The ratio of g22/g
2
1 was assumed small (= 0.01)
in the spirit of the model, and the curves for 3 values
of magnetic field, in the ratio 0 : 3 : 8 as those used in
the experiment, are depicted with good agreement with
experiment. The data of Ref.[15] allow an even more
quantitative comparison with experiment, as we used the
actual values of magnetic field, voltage and temperature
reported to the experiment. To get the best fit with ex-
periment we used a g-factor of 0.35, indicating either the
inaccuracy of the theory or the estimate of temperature
in the experiment. Interestingly, the zero-field dip in the
noise is quite small, even though the bare contribution
of the second channel to the conductamce is negligible.
This is due to the contributions of higher order processes,
discussed below Eq.8).
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FIG. 1: (a) The Fano factor, calculated from the the-
ory, versus zero-bias conductance at different magnetic fields,
gµBB/kBT = 0, 4.5, 12, compared to the experimental results
of Ref.[14] (b), for B=0, 3 and 8 Tesla. The parameters used
in the theory were eV = kBT, V
(1)2/2pi = 1, V (2)
2
/2pi = 0.01.
In (c) the noise is calculated for the same parameters as those
corresponding to the data of Ref.[15], depicted at (d), with the
magnetic field values denoted in the legend, kbT = 280mK
and V = 240µV . The values of V (i)
2
are the same as in (a).
In order to get the best comparison to the experiment a value
of g-factor of 0.35 was used.
While the experiments were carried out outside the
Kondo regime, due to the relative high voltage applied,
the theory predicts that, for temperatures and voltages
smaller than the Kondo temperature, the dip in the noise
will disappear at zero field, due to the unitary limit of
the Kondo effect.
It is interesting to note that a perhaps related dip ap-
pears in the measurement of dephasing in a quantum
dot [23], as measured by a nearby quantum point con-
tact, when the point contact is in the ”0.7” regime. The
present theory suggests a simple explanation of this ef-
fect: as the dephasing in the quantum dot is by the cur-
rent noise in the point contact [24], a dip in the noise
will be associated with a dip in the dephasing rate in the
quantum dot. A detailed calculation of this effect will be
presented elsewhere [25].
This research has been funded by the Israel Science
Foundation, and by the US-Israel Binational Science
Foundation. We thank the authors of Ref. [15] for pro-
viding us the with data files.
[1] B. J. van Wees et al., Phys. Rev. Lett. 60, 848 (1988).
[2] D. A. Wharam et al., J. Phys. C 21, L209 (1988).
[3] K. J. Thomas et al., Phys. Rev. Lett. 77, 135 (1996);
K. J. Thomas et al., Phys. Rev. B58, 4846 (1998).
[4] A. Kristensen et al., Phys. Rev. B62, 10950 (2000).
[5] D. J. Reilly et al., Phys. Rev. B63, 121311 (2001).
[6] S. Nuttinck et al., Jap. J. of App. Phys 39, L655 (2000);
K. Hashimoto et al., ibid 40, 3000 (2001).
[7] S. M. Cronenwett et al., Phys. Rev. Lett. 88, 226805
(2002).
[8] Y. Meir, K. Hirose, and N. S. Wingreen, Phys. Rev. Lett.
89, 196802 (2002).
[9] K. Hirose, Y. Meir, and N. S. Wingreen, Phys. Rev. Lett.
90, 026804 (2003); T. Rejec and Y. Meir, in preparation.
[10] J. Kondo, Prog. Th. Phys. (Kyoto) 32, 37 (1964).
[11] Y. Meir, in Nanophysics: Coherence and Transport,
edited by H. Bouchiat, Y. Gefen, S. Guron, G. Mon-
tambaux and J. Dalibard, Elsevier (2005).
[12] L. Martin-Moreno et al., J.Phys:Condens.Matter4, 1323
(1992).
[13] N. J. Kim et al., cond-mat/0311435
[14] P. Roche et al., Phys. Rev. Lett. 93, 116602 (2004).
[15] L. DiCarlo et al., cond-mat/0604019.
[16] Y. Meir and A. Golub, Phys. Rev. Lett. 88, 116802
(2002).
[17] L. Borda and F. Guinea, Phys. Rev. B 70, 125118 (2004).
[18] J. R. Schrieffer and P. A. Wolff, Phys. Rev. 149, 491
(1966).
[19] Ya.M. Blanter and M. Buttiker, Phys. Rep. 336, 1
(2000).
[20] J. A. Appelbaum, Phys. Rev. bf B 154, 633,(1967).
[21] See, e.g., A. Kamenev, cond-mat/0412296, and in
Ref.[11]. See also [16] how the noise is expressed in terms
of the Keldysh Green functions.
[22] O. Parcollet and C. Hooley, Phys. Rev. B 66,
085315,(2002)
[23] M. Avinun-Kalish et al., Phys. Rev. Lett. 92, 156801
(2004).
[24] S. A Gurvitz, Phys. Rev. B 56, 15215 (1997); Y. Levin-
son, Europhys. Lett. 39, 299 (1997); I. L. Aleiner, N.
S. Wingreen, and Y. Meir, Phys. Rev. Lett. 79, 3740
(1997).
[25] T. Aono, A. Golub and Y. Meir, in preparation.
